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FOREWORD

Selection of trainees for Army aviation pilot courses has been of continuing personnel manage.
ment concern since the formation of the Air Force as a separate service ir 1947. A long-range re-
search approach to the problem of high attrition in Army aviation school courses for both officers
and enlisted men has involved a series of valldit studies to develop effective predictors of sjccess
in training and performance as Army pilots. The present Technical Resear:h Report summarizes
the important stages in the research and the more recent effort by which results were integrated in
the development of a comprehensive selection program.

Since the inception of tho program, a succession of U. S. Army Peisonnel Research Office re.
search scientists have contributed to the formulation and conduct of the research. Among those
who were concerned with the early exploration and conduct of the research program were Dr. Stanley
S. Bolin, Dr. Leon G. Goldstein, Dr. E. Kenneth Karcher, Jr., Mr. Harold Martinek, and Dr. Neil J.
Van Steenberg. Dr. Nathan Rosenberg was Task Leader for studies which resulted in several of
the interim operational batteries. He was assisted by Mr. Donald M. Skordahl. Dr. Joseph Zeidner
contributed technical assistance and direction over a considerable period of the research. Mr. Alan
A. Anderson provided statistical continuity across successive validity studies. The ::al integrated
battery was chiefly the collaborative effort of Mr. Harry Kaplan, who prepared the report, Dr. Marjorie
0. Chandlor, Mrs. Pauline Olson, and Mr. Cecil D. Johnson, Chief of the Statistical Research and
Analysis Laboratory.

Director of Laboratories



PREDICTION OF SUCCESS IN ARMY AVIATION TRAINING

BRIEF

Requirement:

Beginning in 1955, the Deputy Chief of Staff for Personnel established requirements for the development
of instruments to select officers as fixed-wing pilot trainees and enlisted men as warrant officer candidate
rotary-wing pilot trainees. In 1963, the requirement was expanded to provide for a consolidation of the sepa.
rate programs.

Procedure:

To meet the initial requirement, research programs were conducted involving the experimental testing of
2000 enlisted men, 1200 officers, and 1200 ROTC cadets. Particular attention was given to the development
and evaluation of measures to select enlisted personnel for rotary-wing training, including preflight (OCS-
type) training to prepare graduates for warrant officer commissioning. Pending completion of a long-range re-
search effort, partial results were utilized to develop interim test batteries for operational use. Finally, cur-
rent operational data and previous research findings were combined to provide a basis for a comprehensive
selection program.

Findings:

Selection tests initially developed by the Air Force anJ modified for Army use were effective in predict-
ing fixed-wing training success for officers and ROTC cadets.

Selection tests developed by the U. S. Army Personnel Research Office were effective in predicting the
success of enlisted applicants for warrant officer candidate preflight and rotary-wing training.

A comprehensive set of Flight Aptitude Selection Tests (FAST) was developed which provides effective
measurement of both fixed-wing and rotary-wing aptitude for applicants to warrant officer candidate aviation
training and of both fixed-wing and rotary-wing aptitude for applicants to officer aviation training.

Utilization of Findings:

Research findings in this report constitute the basis for operational Army aviation selection and alloca-
tion procedures adopted in 1965. Adoption was particularly timely in view of the greater role assigned to
rotary-wing aircraft in tactical operations.

A comprehensive and integrated program of selection testing of applicants for flight training has been de-
veloped. Separate test batteries for officer applicants and warrant officer candidate applicants provide two
scores for each applicant--a rotary-wing aptitude score and a fixed-wing aptitude score.

The current effort is an extension of an earlier research program. li has been possible to realize immedi-
ate and intermediate benefits from the program in that interim fixed-wing batteries were made operational in
1956 and 1961, and successively improved interim rotary-wing batteries were made operational in 1955, 1956,
and 1961.
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PREDICTION OF SUCCESS IN ARMY AVIATION TRAINING

When the Army began to develop its own aircraft organization follow-
ing World War II, selection of personnel to be trained as Army aviators
posed no special problem. Mny officers and warrant officers trained as
pilots in the U. S. Army Air Corps had remained in the Army as aviators
after the formation of the Air Force. When this supply of experienced
manpower was exhausted and it became necessary to train men who ad had
no previous flyir g experience, a high rate of attrition among Army fixed-
wing pilot trainees was soon noted. Improved screening was clearly needed
to reduce loss of duty time, travel expense, and cost of flight training
for applicants who were eliminated during training.

The attrition problem affected rotary-wing aviation training in the
Army as well as fixed-wing training. Most would-be helicopter pilots en-
tered aviation training as enlisted men and received their appointments
as wrrant officers upon completion of the Warrant Officer Candidate
Aviator course. However, the leadership performance of many of these
warrant officer pilots did not meet the needs of the service. The train-
ing program was therefore expanded to include intensive training of the
type given in Officer Candidate schools. Attrition tended to be consider-
ably higher than from officer courses because of the requirement for en-
listed trainees to emerge as officers as well as pilots.

The double-edged attrition problem led to initiation of research by
the U. S. Army Personnel Research Office at the request of the Deputy
Chief of Staff for Personnel and with approval of the Chief of Research
and Development. From the start of the program in 1955, selection for
rotary-wing pilot training received the major attention. However, various
test batteries--both fixed-wing and rotary-wing--ere developed and made
operational in response to the original selection needs and to meet the
requirements of later developments in the Army's aviation program.
Finally, integration of the fixed- and rotary-wing selection procedures
into a comprehensive program was directed by DCSPER in 1963. The present
report summarizes the separate fixed-wing and rotary-wing research efforts
and the steps taken to consolidate the separate selection programs into
the system which has been reccmmended for implementation.

FIXED-WING SELECTION RESEARCH

The Army Fixed-Wing Aptitude Battery

The Air Force had done exhaustive research on fixed-wing pilot selec-
tion. To take full advantage of the Air Force products, initial AFRO re-
search on fixed-wing selection was limited to the modification and adap-
tation of Air Force instruments and follow-up studies to determine their



effectiveness in selection for Army pilot training. The first such
battery, AFWAB-1, was based Q Air Force tests, and included Background
Inventory, Aeronautical Information, Mechanical Principles, Aircraft
Orientation, and Flight Visualization tests. It was introduced in the
Army in 1956.

Predictor data for validation were obtained by administering ASAB-1
to each entering class in the officer fixed-wing training course at Camp
Gary, Texas, beginning in August 1957 and continuing for one year, giving
a total of 1109 etudents. Total AFWAB-1 scores and scores on component
tests were evaluated for effectiveness in discriminating between success-
ful and unsuccessful flight training program (FTP) trainees.

A parallel study was conducted in response to a 1956 request by
DCSPER that AF O evaluate the battery as a means of selecting students
applying for Army ROTC flight training. The Army ROMC Flight Training
Program, authorized in 1956, provides instruction in basic ground and
in-flight fundamentals and is designed to enable students to qualify for
Federal Aviation Agency private pilot certificates. AFWAB-1 was adminis-,
tered to 1245 applicants for the program from 1956 through 1959. Man
were tested in ROTC summer camp following their Junior year and prior to
entrance into flight training.

Results indicated that AFWAB-l could be a fairly eff ctive instru-
ment in reducing attrition in both training programs.D When the bamples
of flight trainees were ranked on AFWAB scores and divided into quarters,
and percentages passing flight training were computed for each quarter,
Vhe percen.tages of successful trainees increased steadily from the bottom
to the top quarter (Figure 1).

In February 1961, AFAB-2, adapted from a later form of the Air Force
Officer Qualifying Test, was implemented for administration to applicants
for officer fixed-wing aviation training. To determine the effectiveness
of the new battery, APRO obtained the test scores of applicants and de-
termined how well the test predicted success in the coirse. The selective
efficiency of the battery appeared to be comparable tc that of AFWAB-1.
AFWAB-l was retained for ROC selection.

-'The biserial validity coefficient for the composite score against the
pass-fail training criterion was .41 (N = I109); against the criterion
of pass-fail by reason of flying deficiency, the coefficient was .32
(N = 740). In the RO.C study, the biserial validity coefficient
against total pass-fail was .32 (N 3245).

-2-
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ROTARY-WING SELECTION RESEARCH

In APRO's rotary-wing selection research, a first approach, as with

the fixed-wing research effort, was to try out existing Navy and Air
Force aviation batteries. It was soon apparent that these tests were
less effective in the Army rotary-wing situation than for fixed-wing
training, probably because of the officer-candi&ate type of training that
had been added to prepare the enlisted trainees for appointment as warrant
officer pilots. For this reason, screening measures -,ere needed which
would select men who could successfully complete both tjpes of training.

Accordingly, a long-range research program was initiated for the de-
velopment and identification of more effective predictor measures. Some
tests were developed specifically for the program; others were assembled
from related programs. The total effort involved a variety of tests and
experimentation with many different samples. Over 40 tests in all ap-
peared promising enough to be incorporated into experimental batteries
for comprehensive validation. The predictor tests were administered ex-
perimentally to enlisted students entering the U. S. Army Primary Heli-
copter School beginning with the class starting training in July 1955 and
ending with the class which started training in July 1958. Measures of
flying proficiency and measures of academic achievement and leadership
performance were obtained as bases for evaluating the predictors. Dif-
ferent aspects of these criteria were measured for different phases of
the research, but concentration was on pre-flight--the OCS-type training--
primary flight training, and total performance in training. A descrip-
tion of the variables used in this research is contained in Appendix A.

Interim Operational Rotary-Wing Batteries

Concurrently with this long-range effort, APRO undertook a number of
research studies as a means of satisfying immediate operational needs on
an interim basis. Between 1955 and 1961, three interim batteries to help
select helicopter pilot trainees were successfully implemented. Much o!'
what was learned from the long-term effort in progress was applied in the
operational situation. The first such battery, introduced in May 1955,
emphasized identification of men with potential for success in pre-flight
training. It was designed primarily to assure that graduates of the pro-
gram would possess the personal and leadership characteristics that the
Army had come to expect of warrant officers. OCS selection techniques
were useful here--an evaluation report and a standard interview which
AFRO had previously shown to be predictive of leadership qualities in
officer candidates. Revised OCS forms were later substituted.

Preliminary findings from the more comprehensive research effort were
available soon after the two-test battery was instituted.. As a result,
two additional tests--Mechanical Principles and Situational Reasoning--
were added to the battery. Th new four-test composite became operational
in August 1956.

-4-



As more research evidence accumulated, it became evident that a
broader range of abilities had to be tapped if substantial improvement in
predictive effectiveness was to be attained. A third interim battery
(ARWAB-1) was implemented in October 1961. This battery proved a fairly
effective selection instrument; hence, it wae decided to make it opera-
tional until all aspects of the total long-range research effort were
ccvpleted. It consists of the OCS Board Interview, the OCS Evaluation
Report, the Locations Test, the Complex Movements test, the Helicopter
Pilot Self-Description Form, and the Helicopter Information test.

Results by Type of Predictor

Succesbive studies in which varying combinations of tests and other
measures were administered experimentally yielded the basis for the
following general evaluations of the different predictors of success in
rotary-wing training and performance.

Background. Age, education, rank, and previous flying experience
were non-test data analyzed in relation to passing or failing the train-
ing course, as well as in relation to specific aspects of the training
program. Knowledge of these relationships could be a useful basis for
administrative decision on establishment of non-test prerequisites for
admission to training, such as accepting only those with 12th grade edu-
cation, or only those with previous flying experience.

There was a slight tendency for students who successfully completed
the course to be younger, better educated, and lower in rank than the
average and to have had previous flying experience. The relationships
did not add up to a degree of prediction that could safely be recommended
for use by military management.

Personality Measures. Four types of personality and motivational
measures were tried out during this research: psychiatric evaluation,
evaluation by supervisors, board interview procedures, and self-
description instruments. Since motivation and adjustment were judged
to be of paramount importance, much of APRO's effort wenl; into the de-
velopment of the self-description measures. The most effective single
test for predicting overall success in training was in fact a self-
description instrument which incorporated the most effective content
from four different tests upon which considerable previous experimenta-
tion had been conducted. However, the self-description measures, or
will-do tests, were only moderately effective in predicting failure by
reason of flying deficiency. These findings, of course, occasioned no
surprise. They did furnish evidence that success Li training for Army
aviation required motivation, personal adjustment, and leadership at-
tributes as well as flying skills.

Psychomotor Tests. Because a pilot engages in a considerable
amount of psychomotor activity, apparatus tests which measure psychomotor
abilities were included in the tryouts. Four Air Force tests were tried

- 5 -



out, even though they would entail expense and administrative difficulty
in operational use. It was found that a combination of tests which in-
cluded psychomotor measures would be somewhat more effective than the
best combination of paper-and-pencil tests alone in reducing attrition
due to flying deficiency. However, the advantage did not hold when it
was a question of reducing overall attrition. Under peacetime conditions,
therefore, use of psychomotor tests does not appear to be Justified
either by techniLcal or practical considerations.

Cognitive Tests. The General Technical Apu- .tude Area (GT), a com-
posite of the Verbal and Arithmetic Reasoning tests of the Arm Classifi-
cation Battery, was a good predictor of academic grade in the training
course. However, it did not predict o,,erall success in training. Its
low relationship to training success appears to be due to the careful
screening on general ability the trainees have had before being assigned
to the aviation training course. Failure rates for academic reasons are
tLarefore quite low, and the bulk of the attrition must be laid to other
factors--among them a lack or low level of the special aptitudes needed.
It could therefore be expected that tests measuring specific aptitudes
found to be predictive of success in aviation training would be useful.

Cognitive, or can-do tests were tailor-made for the most part to
tap six psychological domains or content areas: spatial, mechanical,
visual perception, eye-hand coordination, situational reasoning, and
aviation information. The batteries recommended for operational use in-
clude tests in the three most effective areas: spatial, mechanical, and
aviation information. Findings in this respect were consistent with
those of the other services.

Batteries to Meet Future Operational Needs

Recommendations with respect to the content and weighting of a test
battery vary with the specific operational needs the battery is designed
to meet. In the past, when single batteries have been developed for a
given program, APRO researchers have eventually been faced with the prob-
lem of developing new tests or revising existing ones) and then repeating
a substantial part Qf the research cycle in order to revalidate the test
and composite scores obtained from the revised set of tests. To keep to
a minimun such recycling of research steps in Army aviation selection,
tests were earmarked f-r use in model batteries to meet varying opera-
tional needs. With these batteries as models, changing requirements
could be met by reassembling existing tests or by substitution of updated
information tests.

To identify such batteries for Army helicopter pilot selection, 20
tests were analyzed in different combinations and for different purposes.
Findings were used in designing model batteries for use under three oper-
ational conditions--peacetime, mobilization, and circumstances requiring
pilots with special qualifications. For each operational condition, one
battery was selected on the basis of its effectiveness in predicting

-6-



passing versus failing the training course in its entirety, another on
the basis of its effectiveness in predicting passing the course versus
failure due to flying deficiency. (Composition of the resulting bat-
teries is shown in the Technical Supplement.) Thus, emphasis in selec-
tion can be placed either on flying proficiency or on success in the
total training course. Overall success in the course is of course
partially mediated by motivational and leadership qualifications.

The peactime batteries are constituted without the psychomotor tests.
The pair of mobilization batteries, on the other hand, provide for tests
of psychomotor abilities on the assumption that special centers for test
adimnntration will be set up. A third pair of batteries, termed "core"
batteries, contain only cognitive paper-and-pencil tests and permit -

flexibility of application. For example, they can be added to tests of
other dcmaLns whez. special kinds of applicant pools are to be screened--
enlisted pilots to be trained for tactical missions, for example.

The comparative effectiveness of each of the batteries is illustrated
in Figure 2. In predicting overall training success, the peace-time
battery is about equal in effectiveness to the mobilization battery, and
the core battery is considerably less effective than the more complete
batteries. Th predicting flight performance, the mobilization battery is
somewhat more effective than the other batteries, and the core battery is
almost as effective as the more complete peace-time batteries.

COMP',EHENSIVE SELECTION PROGRAM FOR AVIATION TRAINING

As a result of AFRO research, the Army by 1963 had in operation
valid procedures for selecting enlisted men to be trained as warrant
officer helicopter pilots. With these men, selection placed consider-
able emphasis on personality characteristics needed for non-flying
duties that would be required of them as warrant officers. Also in
operation were valid procedures for selecting officers for fixed-wing
flight training, in this case concentrated on abilities and information
predictive of fixed-wing aviation performance. What the Army did not
have were procedures with special applicability for selecting enlisted
men for fixed-wing aviation training or for selecting officers for
rotary-wing training--.although by this time the Army was training both
officers and elisted men without previous flying experience in each
type of flying.

However, when DCSPER directed an integrated system of aviation
selection, the accumulated body of research findings on pilot trainee
selection afforded an adequate basis for constituting a comprehensive
program without extensive additional reseaxch.

The general plan required the develoment of separate batteries for
officer applicants and for warrant officer candidate applicants. Each
battery was designed to provide two scores for each applicant: a rotary-
wing aptitude score and a fixed-wing aptitude score. The batteries taken

-7-
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together are called the Flight Aptitude Selection Tests (FAST). The
batteries were assembled on the basis of flight training data and data
collected on the job for pilots assigned in selected locales both in the
continental United States and in Europe. The constitution of these bat-
teries is showm in Figure 3.

In assembling these batteries, tradeoffs between validity and opera-

tional considerations were necessary to achieve an economy of tests across
programs. The FAST batteries are more effective for selecting enlisted

applicants for rotary-wing training than is the ARWAB, particularly with
respect to flight performance. The Rotary-Wing Warrant Officer Candidate
tests maximize selection for both successful completion of training and
flying proficiency. Effectiveness for selection of officer applicants
to fixed-wing training is unchanged, since battery content is identical
with that of AFWAB-2. Effective selectors for enlisted fixed-wing
training and for officer rotary-wing training are introduced for the first
time.

The recommended FAST batteries allow each applicant to be evaluated
on the basis of his aptitude for a specific training course, in contrast

to previous operational procedures which did not distinguish between
fixed-wing and rotary-wing aptitude.

With the two aptitude scores obtained for each applicant, individu-
als who qualify can be allocated either to fixed-wing or to rotary-wing
training based on consideration of the relative strength of their apti-
tudes. Two advantages to the Army should accrue from the revised pro-
cedure: Input to the aviation training program should increase without
any lowering of standards$ inasmucA as more of the applicant pool may be
expected to-qualify for one or the other type of training. Also, in-
creased validity of the selection measures will result in a higher rate
of success in training. In the case of enlisted applicants, the new
battery affords an estimated increase in successful completion of the
aviation course from 50 percent to 67 percent.

Assume that 400 applicants are tested and that the qualifying score
is set so as to accept the highest 50 percent. If only one general score
is used, 200 in all will be accepted for fixed-wing and rotary-wing
training. With current attrition rates, 134 of these will qualify as
pilots. In comparison, when applicants for fixed-wing training are
accepted on L c,posite of appropriate aptitudes, and applicants for
rotary-wing training are selected on a different aptitude composite, an
estimated 256 will be in the highest 50 percent on one or the other apti-
tude score. An estimated 158 will qualify as pilots. In sum, more
trained pilots are made available without an increase in the number of
applicants tested.

-I
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DEVELOPMENT AND VALIDATION OF ARMY AVIATION SELECTION TESTS

TECHNICAL SUPPLEMENT
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TECHNICAL SUPPLEMENT

SELECTION BATTERIES FOR FIXED-WING TRAINING

For Army fixed-wing aviation) the policy of adopting--and adapting--
Air Force instruments proved economical and fairly satisfactory, since
the traming performance to be predicted was essentially the same. The
first Army Fixed-Wing Aptitude Battery (AFWAB-1) was implemented in 1956
and subsequently validated on applicants to the officer fixed-wing train-
ing course and on Army ROTC students applying for the flight training
program.

Validity estimates for AFAB-I, obtained in two studies (1,2), are
shown in Table 1. The validity estimate for the composite score in each
study is a biserial r not corrected for restriction in range. Optimal
weighting of the test components did not materially change the results.
On the basis of the results obtained in these studies, it was concluded
that AFdAB-1 was a fairly effective instrument for predicting success in
officer fixed-wing training courses and in the Army ROTC Flight Training
Program. AFWAB-2 was implemented for use with applicants for officer
fixed-wing training courses in February 1961. Validity estimates, de-
termined in part on the basis of current operational data, were equiva-
lent in magnitude to those obtained for AFWAB-1. The tests comprising
AFWAB-l and AFWAB-2 are shown in Figures 4 and 5.

VALIDITY OF ROTARY-WING SELECTION TESTS--
PRELIMINARY INVESTIGATION, 1955

In 1955, AFRO was requested to initiate research for selection of
rotary-wing pilot trainees. There was reason to believe that selection
problems for rotary-wing pilot trainees might be unique with respect to
the abilities involved in training and on the Job, as well as with re-
spect to the characteristics of the basic applicant population--enlisted
applicants for rotary-wiig training.

& - 15-



Table I

BISERIAL VALIDITY COEFFICIENTS OF AFWAB-1 COMPONENT TESTS AlD COMPOSITE SCORE

Officer Sample ROTC Sample
Pass-Fail Training Pass-Fail Flying Pass-Fail Training

(N 1109) (N 74o) (N = 1245)
Variable Mean S.D. r Mean S.D. r Mean S.D. r

Background 9,79 3.56 .15 9.63 3.64 .18 9.77 3.46 .20
Inventory

Aeronautical 9.63 6.08 •34 10.92 6.06 .146 5.47 4.68 .20
Information

Mechanical 15.46 5.74 . 27 15.42 5.67 .22 15.42 6.01 .21
Principles

Aircraft lO.74 6.1o .28 lO.42 6.95 .18 11. 51 6.37 .23
Orientation

Flight 10.92 8.01 .30 9.91 7.83 .23 12.34 8.07 .24
Visualization

AFWAB Compos- 56.55 20.18 .41 56.36 20.65 .32 54.50 19.85 .32
ite Score

- 14 -



Backgromd Inventory) DA Form 6234: 30 five-choice items dealing with
the individual's family, education, hcbbies, and employment background.

Aeronautical Information Test, DA Form 6235: 30 five-choice items
dealing with the individual's general and technical knowledge of
aeronautical information.

Mechanical Principles Test, DA Form 6236: 30 five-choice items deal-
ing with the ability of the individual to understand mechanical
principles.

Aircraft Orientation Test DA Form 6237: 28 five-choice picture items
dealing with the ability of the individual to visualize the relation-
ship between an airplane and the territory over which it flies. This
test differs fram its prototype in the Air Force Officer Qualifying
Test in tIAt silhouettes are used instead of photographs.

Flight Visualization Test DA Form 6238: 28 five-choice picture items
dealing with the ability of the individual to visualize airplane
maneuvers. In this test also, silhouettes were substituted for the
photographs used in the Air Force test.

CompositLe Score: Obtained by summing the final scores on the five
tests. The final score on each test consists of number right less
any correction for guessing.

Figure 4. Tests of the Army Fixed-Wing Aptitude Battery, AFWAB-1

- 15 .'



BOOIET i, DA FORm 6244

Part 1 Aviation Information: 30 four-choice and five-choice items which
tap the examinee's interest in and motivation for flying. Content
deals with general and technical aspects of aviation information.

Part 2 Mechanical Information: 30 five-choice items dealing with the
mechanical aspects of aatouotive information.

Part 3 Mechanical Principles: 30 five-choice items in Which the examinae
solves problems on the basis of his understanding of mechanical
principles.

Part 4 Biographical Information: 48 multiple-choice items dealing with
the examinee's family, education, hobbies, and vocational
interests.

BOOKIET II, DA Fmi 6245

Part 5 Visualization of Maneuvers: 30 five-choice picture items. In
each item, the examinee is required to indicate how the position
of a pictured airplane changes after specified maneuvers. This
test is similar to, but not identical with, the Flight Visualiza-
tion Test used in AFWAB-1.

Part 6 Instrument Comprehension: 30 five-choice picture items; in each
item, the examinee is required to determine which one of five
planes has a position and direction consistent with instrument
readings pictured on an artificial horizon and a compass.

Part 7 Flight Orientation: 50 picture items with a maximum of 75
scorable responses. Each item taps the examinee's ability to
visualize the relationship between an airplane and the territory
over which it flies. This test is similar to, but not identical
with, the Aircraft Orientation Test in AFWAB-1.

CCMPOSITE SCORE

The AFWAB-1 Composite Score is obtained by summing the final scores of
tests in the two booklets. The final score in each booklet consists of
number right less any correction for guessing.

Figure 5. Tests of the Army Fixed-Wing Apiltude Battery, AFWAB-2
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Since no selection tests specifically designed for selection of
rotary-wing trainees existed in 1955 and there was pressing need to
implement a selection program at the earliest possible time, the effec-
tiveness of existing measures was evaluated in an exploratory study.
These existing measures consisted of the then operational ITavy and Air
Force aviation batteries and of aptitude area scores derived from the
Army Classification Battery. The major objective of the study was to
identify tests vhich could be used on an interim basis for selecting
enlisted helicopter pilot trainees (3).

The sample consisted of approximately 400 trainees in the Army Cargo
Helicopter Pilot Course (ACHPC) initially located at Fort Sill, Oklahoma;
then at Fort Rucker, Alabama. During this period, officers and enlisted
men were trained in the same classes, enlisted men selected for training
had to have scores of 110 or better on three aptitude areas, and a large
proportion of the provided sample had previous flying experience. Since
the population to which the results were to be considered applicable was
to consist of enlisted men most of whom would have had little or no fly-
ing experience, data were analyzed separately for officers and enlisted
men, and validity coefficients were computed with flying experience held
constant.

The predictor variables for this study are listed and described in
Figure 6. Pre rious flying experience, treated as a dichotcmous variable
with the split between 74 and 75 hours of previous flying, was the con-
trol variable. Two criteria were used: the overall criterion (passing
or failing the ACHPC) and the flying criterion (passing or failing due
to flying deficiency).

Since the correlation between previous flying experience and the
flying criterion was very high--the phi coefficient was .85 for officers
and .69 for enlisted men--it was imperative to partial out the effect of
previous flying experience, if the results were to be generalized to an
input population in which previous flying experience was lacking. When
this was done, none of the obtained partial validity coefficients for the
enlisted sample against the flying criterion were as high as those ordi-
narily obtained against fixed-wing criteria in a large number of previous
Air Force studies. It was concluded that it would be necessary to con-
struct new experimental measures designed to predict success for an appli-
cant pool consisting of enlisted men volunteering for helicopter pilot
training, and to enter upon an extensive research program. The research
results revealed promising content areas for further research, as well as
for interim operational use: measures of aviation information, mechani-
cal knowledge or comprehension situational or practical reasoning, and
personality c'racteristics (5).
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AIR FORCE TESTS
(Aviation Cadet Qualifying Test)

Pilot Biographical Inventor. Five-choice background items.

Officer Qualification Biographical Inventory. 17 fLive-choice background
items.

Aviation Information. 22 flive-choice items covering experience or knowledge
of aircraft.

Mathematics. 15 five-choice mathematics items.

Current Affairs. 15 five-choice items on current events.

English Usage. 15 five-choice items on grammar, spelling, etc.

General Science. 15 five-choice science items.

Practical Judgment. 15 five-choice situational reasoning items.

Reading Comprehension. 15 five-choice paragraph interpretation items.

Mechanical Principles. 30 five-choice mechanical items.

Aerial Orientation. 30 five-choice visualization items.

Arithmetic Reasoning. 30 five-choice arithmetic items.

Visualization of Maneuvers. 30 fLive-choice items on visualization of air-
plane maneuvers.

NAVY TESTS

Naval Aviation Qualification Test. A preliminary screening device, consis-
ting of 115 items, with a variable
number of choices, covering instrument
reading, vocabulary, comparison of
letters and numbers, and practical
judgment.

Naval Aviation Selection Battery.

Mechanical Comprehension. 76 three-choice mechanical items.

Spatial Apperception. 30 five-choice visualization items.

Biographical Inventory. 90 items, with a variable number of choices,
coverLig background, interest, information,
and judgment.

Figure 6. Air Force and Navy fixed-wing selection tests evaluated to predict success in Army

helicopter pilot training
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LONG-RANGE RESEARCH PROGRAM--1955-1964

Overview

Scores on experimental predictor tests as well as on background,
reference, and criterion measures were obtained for enlisted input into
Army helicopter training over a three-year period (1955-58). Because of
the large number of variables involved it was n. t feasible to administer
all measures to all students. Consequently, succeeding classes were
grouped into separate samples; the same variables were administered to
the members of any one sample, with some overlapping tests being adminis-
tered across samples. In addition, new tests were added in the various
successive samples and old tests were dropped. Statistical analysis was
conducted by stages. Three successively improved interim batteries were
implemented based on partial validations during the first three stages
of the anaJysis. The fourth stage of analysis resulted in a single self-
description instrument which was recommended for final operational use.
The fifth stage of the analysis constituted the final -validation, and
resulted in the development of models for different batteries designed
to meet changing operational needs.

Population and Samples

The population is defined as all enlisted applicants for Army heli-
copter pilot training who meet administrative and general mental prerequi-
sites. During the period of data collection, applicants were considered
for admission if they were between 20 and 30 years old, had a score of
llO or higher on the General Technical (GT) Aptitude Area of the Army
Classification Battery, met medical standards for flying, and had ful-
filled certain other administrative requirements. Since successful com-
pletion of the course of training resulted in a warrant officer appoint-
ment, leadership potential represented an important selective factor.

In addition to preselection on GT score, trainees in all except the
first sample had undergone further selection on the basis of the first
interim battery (two-test) or the second interim ba.ttery (four-test).
Finally, additional selection occurred when assignments to training were
made in the Office of the Chief of Tranmportation. When training quotas
had been filled from the pool of enlisced applicants, those trainees who
were passed over were placed on a waiting list and were reconsidered to-
gether with new applicants when assignments to subsequent new classes
were to be made.

Samples were constituted as follows, each sample being, with some
exceptions, based upon administration of a common body of predictor tests:

Sple I. Classes 56-1 through 56-8 and part of 56-10, starting
training in July 1955 through March 1956. Out of a total of h4 cases
used in analysis, 88 were selected on the first interim (two-test)
battery, the remainder being assigned without reference to any selection
battery.
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Sample II. Classes 56-10 through 56-13, starting training in March
1956 through June 1956 (N = 154). Students in Sample I had been selected
on the two-test interim battery.

Sample III. Classes 57-1 through 57-4., 57-6, and 57-7 starting
training in July 1956 through January 1957 (N = 296), also selected on
the two-test battery. -'

Sample IV. Classes 57-8 through 58-7 starting training in February
..957 through January 1958. Out of a total of 603 men in Sample IV, 357
h. been selected for training on the two-test interim battery and 246 on
tae four-test interim battery. In order to apply appropriate restriction
in range corrections to the two groups, Sample IV was subdivided for
analysis purposes into Sample IV' and Sample IV'

Sample IV'. Classes 57-8 through 57-12. These 357 students had
been selected on the two-test interim battery.

Sample IV''. Classes 58-1 through 58-7. These 246 students had
been selected on the four-test battery.-

Sample V. Classes 58-9, 58-11, and 59-1, starting training February,
April, and July 1958. This sample of 162 students had been selected for
training on the four-test interim battery.

The samples also differed in the leadership training received. For
all but the last two classes of Sample I, all phases of training were
conducted under OCS-type conditions; leadership training was given con-
currently with the flight and academic training. For the last two classes
of Sample I and for Samples II through V, a separate pre-flight phase,
stressing leadership, preceded flight training.

Variables

Criterion Variables. Altogether, 14 criterion variables (described
in Appendix A) were utilized during the various phases of the research.
For test selection purposes, the criterion measures employed were passing
versus failing the helicopter pilot training course--Pass-Fail Total (PFT),

a- In the development of a final self-description form, a portion of the
students in Samples III and IV were used for item analysis. The re-
mainder, held out for cross-validation of this instrument, consisted
of 200 men from Sample IV' (designated as Sample Ac 7) and 96 men from
Sample IV'' (designated as Sample Ac 8).
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and passing versus failing due to flying deficiency--Pass-Fail Flying
(PFF). The remaining criterion measures dealing with preflight perform-
ance, special aspects of flight performance, leadership performance,
academic performance, and on-the-job performance were utilized largely
for exploratory studies and other special purposes (4.,5,6,78),

Background and Reference Variables. Background variables consisting
of age, education, rank, and previous flying experience, and reference
variables consisting of Army Classification Battery test scores were
evaluated in the early exploratory stages of the research (4,5,9).
These variables are described in Appendix A.

Experimental Predictors. The complete set of predictors is described
in Appendix A.

Method of Analysis

Data were analyzed by stages in order to accomplish interim objec-
tives. Data from different samples were combined where appropriate.

Stage 1. An exploratory analysis of data collected on Sample I, in
which the relationships among 4 background variables, 11 reference vari-
ables, 11 cognitive predictor variables, 15 personality predictor vari-
ables, and 10 criterion variables were investigated (4).

Stage 2. An exploratory analysis primarily utilizing Sample II
data, in which the relationships among 4 psychomotor apparatus tests,
15 cognitive predictor variables, 13 personality predictor variables,
and 9 criterion variables were investigated. Validity results in
Sample I and Sample II were also compared for 24 overlapping predictor
variables (5).

Stage 3. A partial validation study resulting in the selection of a
six-test interim battery which was implemented in October 1961. A single
criterion measure, Pass-Fail Total (PFT), was utilized in this study.
Twenty-four paper-and-pencil predictor tests were considered. The 1l
most prmising predictors were subjected to a test selection procedure,
on the basis of combined results across Samples I through IV. Sample V
was utilized to generate the intercorrelation matrix. Cross-validation
of the battery could not be attempted (10).

Stage 4. An intensive analysis of self-description materials con-
ducted in two parts. In the first part of the study, data from Sample III
on four self-description instruments and six criterion measures were used
to validate 57 persoality constructs and one overall judgment key (6).
In the second part of the study, data from Samples III and IV were used to
analyze t,.e items in three self-description instruments against pass-fail
total, on-the-job rating, and peer leadership rating criteria. Six item
analysis keys were developed and cross-validated. Results were utilized
in the development of a final self-description form for operational use.
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Stage 5. A final validation in which 20 predictor tests were vali-
dated separately against the Pass-Fail Flying and Pass-Fail Total criteria.
Separate test selections were conducted with different combinations of
these tests to develop several model batteries for operational use under
different condittons. Since all of the students iri the samples used had
been selected for training on the basis of one of the interim batteries,
validity coefficients were corrected for restriction in range.

The effect of selection on the operational batteries was given care-
ful consideration in this study. If a criterion having a continuous dis-
tribution had been utilized, the restriction in range effect of selecting
on the operational tests could have been removed by the conventional three-
variate correction formulae. With the low validity coefficients and the
relatively high correlation with the experimental tests, a suppressor
effect results from the removal cf a certain amount of variance in the
criterion and predictors associated with the operational test variance.
At some level of validity, the positive suppressor effect will exactly
cancel out the negative restriction effect, and the predictor-criterion
validity coe~ficients will remain the same after correction. In this
study, the validity of the operational tests ranged around a point only a
little above this "break-even" point. Thus the effect of selection would,
on the average, have been slight even if the criterion had been a con-
tinuous variable.

Since the criteria used in this study were dichotomized variables
(pass vs. fail), special techniques for counteracting the effect of selec-
tion had to be developed. The commonly used techniques either assume that
the amount of restriction is monotonically related to score variance, or,
as in the case of the G-coefficient, cannot appropriately take into
account the effect on the correlation between two variables that is intro-
duced by selection on a third variable. Since the variance of a dichoto-
mized variable will either go up or go down as a result of selection and
a three-variable model definitely applies to our research problem, the
conventional correction methods could not be utilized.

Two separate statistics are required for the present problem of
correcting a validity coefficient based on a continuous and a dichotomous
variable; one for direct selection on the continuous variable where the
G-coefficient is appropriate; and one for indirect selection effects on
both variables. The latter requires a more complex procedure for camput-
ing a corrected "three-variable biserial coefficient." This method makes
use of the G-coefficient as the correlation coefficient between the
appropriate operational test and the criterion, using the correlation
coefficient between the operational test and each experimental test as
corrected for restriction in ranee by the conventional formula for con-
tinuous variables, the point of cut on the operational test, and means
and standard deviations of all three variables to estimate the value of
the validity coefficient in an applicant population.
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The "three-variable biserial" sometimes raised and sometimes lowered
validity coefficients when compared to the mcorrected biserial correla-
tion coefficients in this study. This more complex procedure was found
to agree fairly closely with results obtained by separately comuting
point biserials in each group, averaging these coefficients weighted by
the size of the groups, and then converting to a biserial coefficient by
utilizing the p-value in the ccmbined groups sample. The more complex
correction procedure was used in accomplishing th, test selection and
cross validation for the model batteries, but the more simple method
(involving point biserials) was used to obtain validity coefficients of
variables not included in the test selection studies.

Results for Stages 1 through 3 and the first part of Stage 4 were
described in previously published reports (4,5,6,l0). The following
aspects of the research have not previously been reported:

1. Development and validation of a self-description form for in-
clusion in the model batteries and for operational use.

2. Selection of tests comprising the model rotary-wing batteries
and their cross-validation.

3. Validity coefficients of the three interim operational batteries
based on the same samples utilized in estimating the validity of the
model batteries,

4. Validity estimates for all individual variables computed across
samples.

Development and Validation of a Final Self-Description Form

Exploratory studies using Samples I and II revealed that personal
characteristics as measured by self-description instruments were highly
predictive of success in the training program. Of nine self-description
scores developed in other programs, scores on eight, when correlated
against the pass-fail school training criterion, had validity coeffi-
cients which were significant at the .05 level or better. The most valid
of these measures was therefore scheduled for administration to the final
validation sample. It was planned that the final self-description form
would contain the most valid items from measures developed in other pro-
grams, as well as items tailor-made to predict success in rotary-wing
training.

Four new experimental personality questionnaires were constructed for
tryout. The new questionnaires, designed to provide a more systematic
cover" ge of background, attitudes, and interests were: Activities Inven-
tory (AI), PT 3145; Personal Description Inventory (PDI), PT 3159; Heli-
copter Pilot Trainee Attitude Questionnaire (HPAQ), PT 3147; and Personal
History Form, PT 3161. All four instruments were utilized in a previously
reported study dealing with personality constructs (6). However, the
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Personal History Form (PT 3161) was eliminated from consideration for
item analysis because preliminary analysis had not indicated prcmise,
and further statistical work was judged to be excessively expensive.
The three remaining inventories furnished a pool of 487 items for analysis.

,±e objective of the proposeZ, item analysis was to select items which
would be valid across three criteia: pass-fail school training, peer
leadership, and success on the job. The new questionnaires were intro-
duced into the experimental batteries in July 1956 and were administered
to approximately 900 students between Jttly 1956 and January 1958. In
January 1958, these questionnaires were modifi.ed and a revised version
was administered to subsequent classes. A second modification occurred
when the measures were administered to an on-the-job sample in 1958. In
both instances, the modification consisted of dropping items, primarily
to reduce testing time. For the school sample, the reduced item pool con-
sisted of 266 items; for the on-the-job sample, the reduced item pool con-
sisted of 344 items.

Examinees were allocated to samples to predict each criterion as
follows:

1. Pass-fail school training (a dichotomy of graduation versus
failure for any reason)

a. Item analysis sample, N = 600

b. Cross-validation sample, N = 296

2. On-the-job rating (scores on a rating scale entitled "Overall
Value to the Army" obtained during visits to operational helicopter units)

a. Item analysis sample, N = 152

b. Cross-validation sample, N = 240

3. Peer leadership rating (a leadership evaluation obtained from
peers during the 18th week of schcol training)

a. Item analysis sample, N = 133

b. Cross-validation sample, N = 152 (these are the same examinees
used in item analysis for the on-the-job criterion)

c. Cross-validation sample, N = 141 (these are graduates from
the cross-validation sample for the pass-fail school criterion)

Validity coefficients for items of the self-description instruments
were obtained for the three criteria. Six measures were developed and
cross-validated. The best of these was the multiple criterion score con-
sisting of 49 items which were valid across the three criteria, with
cross-validity coefficients as follows:
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Criterion Biserial r

Pass-Fail School Training .28

Peer Leadership .12

Job Performance .24

With respect to the school criteria, the multiple criterion score
provided unbiased results for 296 examinees of which 200 were in Sample
IV' and 96 were in Sample IVll (designated as Samples Ac 7 and Ac 8,
respectively).

Sample V, which 'ad not been used in the item analysis study, pro-
vided another source of unbiased data. However, Sample V examinees had
received an abbreviated version of the four new experimental Jelf-
description instruments. Consequently, data were available on only 20
of the 49 items in the multiple criterion measure. These 20 items became
an abbreviated multiple criterion measure which was applied to the Sample
V data. Sample V albo provided data for obtaining an unbiased Nalidity
estimate of the most valid measure borrowed from other programs .2-

The sources from which items were selected for the final self-
description form were the multiple criterion measure and the Army Self-
Description Blank (Recruit), DA PRT 2712. Considering all available
validity data, 190 items were selected for inclusion in the final form..
Of these, 103 items were! to be scored for operational use; the remaining
items were to be included for research purposes.

To determine the validity of this instrument against school criteria,
each obtained validity coefficient was adjusted to allow for differences
in key length. The obtained coefficients were corrected for restriction
in range. The estimated biserial validity coefficients of the final form
against three school criteria were:

Pass-fail school training -36

Pass-fail flying .21

Pass-fail preflight .33

-'This was the Infantry Key (desljnated SDB Infantry) from the Army Self-
Description Blank--Recruit, DA PRT 2712. The same key was used oper-
ationally in the third interim battery, ARWAB-1, implemented in
October 1961. In ARWAB-1, the title of this instrument is Helicopter
Pilot Description Form HPDF-1, DA Form 6243.
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Validity of Model Batyeries

Certain limitations of the final validation stem from the fact that
enlisted input into helicopter training was halted abruptly in 1958. As
a consequence, it was not possible to obtain a sufficiently large hold-
out sample to provide reliable results which would be completely free from
bias, and which would include all relevant variables. Certain expedients
were therefore adopted in order to minimize the effects of these limita-
tions.

Since no single sample was considered large enough to provide reli-
able results, J.ata were combined across smuples. Because the magnitude
of the val idity coefficient.,i obtained in carlier samples may have af-
fected the selection of variables included in later samples, it was de-
cided that it would not be possible to obtain an imbiased estimate of
validity if results frcn the earlier samples were used in the analysis.
For this reason, only data frm Samples IV', IV"', and V were used.

When these data were combined, a full matrix of 20 predictor vari-
ables (Figure 7) and two criterion variables (Pass-Fail Total and Pass-
Fail Flying) was obtained. Test selection procedures were conducted to
generate six model batteries as follows:

1. Warrant Officer Candidate Mobilization Battery to predict Pass-
Fail Total

2. Warrant Officer Candidate Mobilization Battery to predict Pass-
Fail Flying

3. Warrant Officer Candidate Peacetime Battery to predict Pass-Fail
Total

4. Warrant Officer Candidate Peacetime Battery to predict Pass-Fail
Flying

5. Core Battery to predict Pass-Fail Total

6. Core Battery to predict Pass-Fail Flying

The validity coefficients obtained as a result of the above proce-
dures were back validities. In order to obtain an unbiased estimate of
validity, it was necessary to use a hold-out sample or adopt sca., other
expedient measure. Since a hold-out sample was not available, the fol-
lowing procedure to determine the amount of shrinkage which could be ex-
pected was adopted. Four reduced matrices consisting of 14 of the 20
variables were obtained. Two trial validations, each including test
selection and cross-validation, were performed.
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PSYCHCiC G TESTS PERSONALITY AND IFWDERSHIP VARIABLES

Complex Coordination Qualification Report (OCE-2 or OIR-l)

Rotary Pursuit Board Interview (OCE-4 or OLB-I)

Rudder Con.rol Self-Description Form

COGNITIVE TESTS

Spatial Content Area Mechanical Content Area

Mechanical Ability
Aircraft Orieni ation Mechanical Functions
Complex Movements Mechanical Principles

Flight Visualization

Instrument Comprebension. Aviation Information Content Area
Locations (Dark) Flying Information

Locations (Total) Helicopter Information

Spatial Orientation Situational Reasoning Content Area

Stick and Rudder Orientation Situational Reasoning

Figure 7. Pool of experimental tests used to generate model batteries

Samples for the reduced matrices were:

1. Samples IV' and IV'' combined

2. Samples IV'' and V combined

3. Sample V

4. Sample Ac 7 (This sample consisted of a group of examinees who
had previously been held out for purposes of cross-validating tho self-
description instruments.)

In the first trial validation, the reduced matrix consisting of data
on Samples IV' and IV'" combined was used to obtain the pass-fall total
back-validity for the best four-test composite (r =.1499), and then
Sample V data were used to obtain the cross-validity (r = .434). In the
second trial validation, the reduced matrix consisting of data on
Samples IV'" and V combined was used to obtain the pass-fail total back-
validity for the best four-test composite (r = .553) and then Sample Ac 7
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data were used to obtain the cross-validity coefficient (r = .462).
Since the average shrinkage for data from the two studies was .073, this
figure was used as a conservative estimate of shrinkage on the full
matrix. The composition of the six model batteries and their validity
coefficients after correction for shrinkage are shown in Table 2.

Means, standard deviation, and intercorrelation coefficients for the
predictor variables as well as validity coefficients for each variable in
the full and reduced matrices are shown in Appendix B.

Validity of Interim Operational Rotary-Wing Batteries

Pending completion of the research, three successively improved
rotary-wing batteries were implemented on an interim basis, in May 19.55,
August 1956, and October 1961, respectively (Figure 8). Since estimates
of validity for these batteries had been made on the basis of incomplete
data (10), it was decided to recompute the validity coefficients utilizing
the same basic data which had gone into the computation of the validity
coefficients for the model batteries. Computation was accomplished by
applying the operational raw score weights to the tests involved, and
then deriving a correlation of sums using biserial r's (Table 3).

Validity of Individual Variables

Validity data on the model and interim operational batteries provide
information on less than half the predictor variables tried out. Scat-
tered results for most of the remaining variables are contained in previ-
ously published reports. A complete and definitive summary of results is
included in the following section of the present report.

Results

Background and Reference Variables. Validity coefficients between
these variables and eight criterion measures are presented in Table 4.
The most striking findings are the consistently high correlations between
ACB-type measures and academic rank. These results indicate that using
ACB tests as screening devices can reduce attrition due to academic de-
ficiency. And in fact this is what appears to be happening. A cutting
score on the General Technical Aptitude Area (GT) is used operationally
to screen applicants for training, and failures for academic reasons are
a minor cause of attrition in training. However, when the relationships
between ACB tests and the other criteria are studied, it becomes evident
that a tailor-made battery is needed if further substantial improvement
in the attrition rate is to be obtained.
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Inspection of the va:Ld'*ty of ht. nontezt ba la-roid vori'biez (ate,
education, rank, and flaying E'x..erience) across tha iffercnt criteria
demonstrated the difficulty of estahlishin. standards which can be cor.-
sistently related to multiple critervia. On zhe one iand, the Army wants
students who have aptitude for flying a d onu the other hamd, the Army
wants students who will make good leaders. In cny heterogeneous popula-
tion, there must of necessity be person,% vho have aptitud for flying but
who do not have the desired leade-ship qualities and vice versa. Selec-
tion standards are designed in effect to screen out these two types of
person. From the combined effects 0± ronteot standards and the adminis-
tration of e test battery, a student population emerges which can be de-
scribed in trms of characteristics which may be of interest to both
malagement and the psychometrician. In advance of this research it was
decided that four such variables of interest would be age, education,
rank, and flying experience. The major tendency in the results is for
the validity of these measures to cancel each other out when considered
across criteria. The younger students tend to be better pilots while the
older students tend to be better leaders. In the case of education, the
relationships are very low against all criteria, but there is a slight
tendency in the direction of a positive relationship with non-flying per-
formance and a negative relationship with flying performance. Rank tends
to be positively related to leadership and negatively related to flying.
Flying experience tends to be positively related to flight and academic
criteria but negatively related to leadership.

Although a few of the validity coefficients are fairly high, it must
nevertheless be concluded that these particular variables are ineffective
as predictors. From a management point of view, the results seem to indi-
cate that an overly restrictive policy with respect to nontest selection
standards would not be desirable. Thus, if the eligible group were re-
stricted to a younger age range, the effect may be better flyers but
poorer leaders.

Predictor Variables. To the extent that lata were available) corre-
lation coefficients were computed between each predictor and the three

critical attrition criteria: pass-fail total, pass-fail flying, and pass-
fail preflight. Where appropriate, validity coefficients were computed
separately for the exploratory phases of the study and for the final vali-

dation phase. In the case of self -description measures, intermediate
results based primarily on the cross-validation of certain item analysis
keys were also computed.

The best psychomotor tests (Table 5) are extremely effective in pre-
dicting pass-fail flying, but these same tests tend to be ineffective in
predicting pass-fail preflight (leadership). The same general pattern
akplies to the best tests in the effective content areas of Space, Me-
chanical, and Aviation Information (Table 6) with this difference: the
best of these cognitive tests are not quite as effective in predicting
pass-fail flying as the psychomotor tests, but equal or approach t.he best
psychomotor tests in predicting pass-fail total.
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Table 5

VALIDITY OF PSYCHOMOTOR TESTS

Criteria

Pass-Fail
Test N Mean S.D. Total Flying Preflight

Exploratory Phase

Complex Coordination -477 49.91 9.99 . 309 .544 .119

Direction Control 300 1l.14 5.76 .207 .183 .170

Machine Identificatione 792 1.51 .50 -.028 -.o46 .051

Rotary Pursuit 477 16.32 6.08 .319 .387 .219

Rudder Control 477 43.05 11.66 .331 .518 .090

Final Validation Phase

Complex Coordinat-on 646 49.28 9.96 .274 . 55 .143

Rotary Pursuit 645 16.55 6.51 .186 .274 .080
Rudder Control 64.4 43.36 10.78 .229 .447 .051

aSee Appendix A.
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Table 6

VALIDITY OF COGNITIVE TESTS IN EFFECTIVE CONTENT AREAS

Criteria

Pass -Fail
Tests N Mean S.D. Total Flying Preflight

Exploratory Phase

Spatial

Complex Movements 295 27.93 9.24 .279 .231 .156
Locations - Light 310 14.53 3.42 .240 ... ...

Dark 444 14.63 3.43 .379 .387 .230
Total 444 29.03 6.22 .32"5 .385 .148

Stick and Rudder Orientation 295 22.53 9.67 •239 .342 .057

Mechanical

Mechanical Ability 295 47.81 11.16 .139 .200 069
Mechanical Knowledge 449 35.81 6.43 .140 .154 .063
Mechanical Principles 449 47.46 10.99 .126 .213 .022

Aviation Information

Aeronautical Information 139 5.57 4.73 .190 ... ...
Flying Information 295 23.13 11.73 .084 .176 -. 012
Helicopter Information 203 44.49 13.67 .120 .233 .036

Final Validation Phase

Spatial

Aircraft Orientation 765 7.73 5.66 .258 .282 .131
Complex Movements 162 28.89 8.96 .342 .194 .271
Flight Visualization 765 6.39 7.52 .276 .34o .148
Instrument Comprehension 763 16.53 6.55 .267 .248 .170
Spatial Orientation 765 16.83 10.99 .292 .324 .177
Stick and Rudder Orientation 765 13.84 10.57 .279 .359 .155
Locations - Dark 162 14.69 4.03 .o18 .056 .024
Locations - Total. 162 28.98 7.18 .0o56 .126 •053

Mechanical

Mechanical Ability 765 36.32 8.03 .210 .350 .012
Mechanical Functions 765 12.24 7.60 .299 .390 .155
Mechanical Principles 366 12.13 5.75 .161 .249 .003

Aviation Information

Flying Information 603 23.17 12.73 .257 .3147 .074
Helicopter Information 764 37.02 14.82 .303 .386 .160
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The best measures for predicting pass-fail preflight are the self-
description instruments (Table 7). However, self-description instruments
studied during the exploratory phase of the analysis tended to be con-
siderably less effective in predicting pass-fail flying. Subsequent to
the administration of the measures used in the exploratory phase, new
item pools were developed and administered to school and on-the-job
samples. On the basis of item analysis, new keys were constructed for
a reduced pool of items and cross-validated. An intermlaiate analysis
was then conducted utilizing the best of the keys and the SDB Infantry
score (not subjected to formal item analysis). This item pool vas then
utilized to construct a final self-description form containing 103 scored
items. The validity of this form is estimated to be high for predicting
pass-fail total and pass-fail preflight, and moderate for predicting
pass-fail flying.

Certain content categories prove-1 in general to be ineffective pre-
di--tors. These include visual perception, eye-hand coordination, and
individual tests of situational reasoning and multiple reaction (Table 8).
None of these tests predicted the pass-fail flying criterion. However,
two of the twelve tests (Object Completion and Reaction to Signals)
appeared quite promising with rLspect to the pass-fail preflight and pass-
fail total criterion. Because it was not possible to obtain additional
data on these tests and follow them through a final validation, it was not
possible to determine whether they could make a substantial independent
contribution to the validity of a selection battery. The potentiality of
these tests must remain unresolved until such time as it is possible to
do further research.

Among those tests which it was possible to carry through to final
validation, two major sources of validity become evident. The self-
description materials obtain their validity by being excellent predictors
of preflight success. The cognitive variables obtain their validity by
being excellent predictors of flying success. When measures of both kinds
are incorporated into a battery on the basis of test selection procedures,
the net effect is to provide an optimal balance of success factors for
reducing attrition due to preflight failure and flying deficiency.
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Table 7

VALIDITY OF PERSONALITY MEASURES

Criteria

Pass -Fail

Total Flying Preflight
Tests N Mean S.D. r r r

ploratory Phase

Psychiatric Evaluation (ARMA) 185 183.44 4.13 .182 .169 .177

Qualification Report (OCE-4) 446 120.57 17 0l o45 -.103 .116(OLR-1) 46109 7O 09-13 .l

Board Interview (OLi-1) 445 29.79 6.27 .110 .040 .135
(OLB-1)

Leadership Composite 445 90.28 10.68 .094 -.062 .167

Background Inventory 154 lO.40 5.11 .263 .272 .198

QCB-5 Background 256 5.06 2.26 .211 oQ94 .211

Leadership 256 98.82 6.85 .211 .077 .253

Resignation 256 37.89 4.4A3 .224 -.035 .351

OCB-6 256 46.45 4.88 .229 .195 .210

Army Self-Description Blank (Recruit)

SDB - Driver 256 14.66 2.20 .151 .132 .132

Infantrya 256 88.77 8.63 .295 .147 .324

Leadership 256 44.87 6.76 .246 .168 .263

Mechanic 256 39.89 4.09 .224 .231 .169

Intermediate Phase

SDB - Infantrya 162 83.09 8.93 .4,20 .313 .1414

SDB - 20 items 162 13.21 2.50 .349 .511 .198

SDB - 49 items 603 33.87 4.54 .259 .024 .311

Final Validation Phase

Qualification Report 758 113.66 22.06 .097 .071 .049

Board Interview 758 27.65 6.59 .130 -.006 ,131

Leadership Composite 758 84.76 15.14 .137 .055 .126

SDB - 103 items 458 71.93 8.63 .361 .211 .326

3 Hellcopter Pilot Description Form.
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Table 8

VALIDITY OF COGNITIVE TESTS IN INEFFECTIVE CONTENT AEAS

Criteria

Pass-Fail
Total Flying Preflight

Tests N S.D. r r r

Visual PercePtion

Attention to Detail 256 30.4. 6.65 .000 -.11 .075

Dials 256 35.74 7.71 .175 .182 .158

Object Completion 102 38.41 4.70 .336 .202 .321

Perceptual Speed II 256 30.74 6.25 .145 .101 .194

Reaction to Signals 102 l.1124 25.11 36,6 .94 .47

Related Forms 256 59.19 13.22 .148 .192 .085

Ee-Hand Coordination

Aiming 449 110.36 15.65 .113 .001 .198

Patterns 61. 61.94 13.48 :176 .204 .102

Tapping 449 133.22 20.92 .121 .199 .086

Two-Hand Coordination 255 134.58 23.82 .154 .168 .103

Situational Reasoning 13.54 4.36 .123 .025 .049

Multiple Reaction 295 --- 10 .078' .i16

aAverage of 11 subtests.
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CONSTITUTION OF THE FLIGHT APTITUDE SELECTION TESTS (FAST)

Four major prediction problems are involved in selecting personnel
for Army pilot training:

1. Predicting the success of enlisted personnel in pre..Light and
rotary-wing training.

2,. Predicting the success of enlisted personnel in preflight and
fixed-wing training.

3. Predicting the success of officer personnel in rotary-wing
training.

4. Predicting the success of officer personnel in fixed-wing
training.

A comprehensive selection testing program would provide solutions
for all four problems. Army research between 1955-1963 provided solu-
tions to problems 1 and 4, but not to problems 2 and 3. When, in 1963;
DCSPER directed that a comprehensive program be developed, it was decided
that a viable program could be developed by Cupplementing available data
with expert judgment. A sufficient body of research experience in pilot
trainee selection existed to provide reasonable assurance that a valid
ccprehensive program could be made operational without extensive prior
experimental research. This decision does not preclude further research.
But it was felt that the most profitable approach to future research
would be to analyze follow-up data collected under the comprehensive
program, rather than to hold up implementation pending the collection of
experimental data.

The basic assumptions in developing the ccmprehensive program were
that (1) since there were four different selection problems, maximum
validity for solvig all four could be obtained by having four different
test ccmposites, and (2) since there were common elements across problems,
there should be sane overlap of tests across test composites. It was de-
cided that all four composites would follow a common pattern: they would
be paper-and-pencil measures, and each composite would have at least one
test in each of. the content areas of aviation information, mechanical,
personality, and spatial.

The common elements in solving problems 1 and 2 are enlisted per-
sonnel and preflight training; the appropriate common test elements are
personality measures.

The common element in solving problems 3 and 4 is officer personnel;
the appropriate common test elemefts are also personality measures.

I

The common element in solving problems 1 and 3 is rotary-wing train-
ing; the appropriate common test elements are cognitive tests demonstrated
to be valid for rotary-wing selection.
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The common element in solving problems 2 and 4 is fixed-wing train-
ing; the appropriate common test elements are cognitive tests demonstrated
to be valid for fixed-wing selection.

The tests ftnally selected to form the four composites (Figure 3)
appear to be highly satisfactory with respect to the validity of each
composite and to appropriate inclusion of common test elements. Analysis
of operational data can provide a basis for refinements to sharpen the
differential effectiveness of the various composites.

Validity of the FAST Batteries

The validity of the FAST batteries was estimated by analysis of all
available research and operational data on rotary-wing and fixed-wing
tests, including both Army and Air Force results. Raw score means,
standard deviations, and validity coefficients for each test and for each
composite were computed against the pass-fail total criterion, and inter-
correlation matrices were constructed (Appendix C).

Table 9 summarizes the bulk of what has been accomplished in AlRO's
long-range research effort culminating in the FAST batteries. In the
officer area, an effective fixed-wing battery has been supplemented by an
equally effective rotary-wing battery. In the Warrant Officer Candidate
area, a rotary-wing battery has been developed which is superior in va-
lidity to the previous interim operational battery, with particularly
marked improvement in predicting the pass-fail flying criterion, and an
equally effective fixed-wing battery, not previously available for en-
listed applicants, has been developed.

In addition to the absolute gains in validity demonstrated in Table 9,
the provision for obtaining both a rotary-wing score and a fixed-wing score
for each individual tested could result in further increasing the effec-
tiveness of each composite.
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Table 9

COMPARISON OF VALIDITY COEFFICIENTS: FAST BATTERIES VS INTERIM AND
PROTOTYPE BATTERIES

Pass-Fail Pass-Fail
Total r Flying r

Officer Batteries

Proposed FAST Batteries

Rotary-Wi ng .42

Fixed-Wing .39

Interim Operational Batteries

No Rotary-Wing Battery ---

Fixed-Wing

AFWAB-l .41 .32

TFWAB-2 •39

Warrant Officer Candidate Batteries

Proposed FAST Batteries

Rotary-Wing .48 .47

Fixed-Wing .46

Interim Operational Batteries

Rotary-Wing

1st Interim (2-Test) Battery .14 .05

2d Interim (4-Test) Battery .21 .17

3rd Interim (ARWAB-1) Battery .44 .30

No Fixed-Wing Battery

Prototype Rotary-Wing Batteries

Mobilization .46 •54

Peacetime .45 .43

Core .37 .40
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APPENDIX A

VARIABLES USED IN ROTARY-WING RESEARCH

CRITERIA

PASS-FAIL TOTAL (PFT)

This criterion measure dichotomized students as passing versus fail-
ing the helicopter pilot training course. Passing was defined as gradu-

ating from the course. Failures were men who began the course but did
not graduate, except for those required to discontinue training because
of medical deficiencies (10 to 15 percent) or compassionate releases
(about 1 percent). Pass-fail represents an administrative action by a
board. At the same time, it presumably reflects the board's evaluation
of performance as acceptable or unacceptable.

The official reasons for failing a student fell into two main
categories. Lack of motivation applied to failures in the preflight
phase and indicated that the student voluntarily withdrew from training
for a variety of reasons--he was doing poorly, he had broken training
regulations, he couldn't "take" the training, etc. A second reason,
flying deficiency, generally associated with the presolo phase of train-
ing, indicated that the student lacked abilities necessary to be a good
helicopter pilot. A few failures were due to academic deficiency, lack
of leadership, and conduct unbecoming a Warrant Officer.

The final decision to fail a student was made following a personal
interview by a review board of officers ccmposed of the company commander,
company officers, and a medical officer. All pertinent records and recom-
mendations by cadre, instructor pilots, and military check pilots were
reviewed.

PASS VS. FAIL DUE TO FLYING DEFICIENCY (PFF)

The decision to fail a student 1,, made by a board of officers on
recommendation of the studen" s instrtJtor and on review of the flight
record. When flight grades :e reviewed, it was decided either to fail
or to grant additional dual ; :aining Deriods in preparation for another
check ride. In the official paperr epared to support elimination from
training, a tabulation of the numbt- of S (Satisfactory), U (Unsatisfactory),
and b (Dangerous) flight period grades and the total amount of flight
training was provided. Performance relative to the amount of training as
well as the absolute frequencies were considered although percentages
and/or weighted sums of averages were not computed. The reviewing boards
strive to provide "slow starters" with sufficient opportunity and yet
avoid unnecessary expenditure of flight training time. The high cost of
flight training and the student-instructor ratio (which varied from 2 to 6)
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placed considerable pressure on the board to eliminate poor students as
early as possible. Most flying deficiency attrition occurred at the end
of the presolo stage--that is, on failuxe to pass the presolo check ride,
sometimes after several attempts to do so, sometimes after one attempt
following generally poor performance.

Becaase multiple reasons for elimination were often given in the
official papers and a pri& ry reason was not always provided, the following
conditions were imposed to insure that only clear cases of flying defi-
ciency were included ir the failure group: a) "Flying Deficiency" was
explicitly included among the administrative statements listing reasons
for elimination from training; b) the flight record book showed some
graded flight time; and c) the instructor's practical flight grade was
given and was less than 70, i.e., failing.

PASS-FAIL PREFLIGHT (PFP)

Preflight training is a separate four-week phase of training designed
to weed out leadership failures prior to flight training. Attrition
during the early phase was generally attributed to deficiencies in leader-
ship ability, conduct, attitudes, and motivation.

Since all enlisted graduates receive a Warrant Officer rating,
leadership training is an important aspect of the course. Classes prior
to class 56-3 were given this training concurrent with flight training.
However, it was felt that leadership training (with its resulting attri-
tion) given before the expensive flight training would be advantageous.
Consequently, beginning in February 1956, a four-week preflight phase was
initiated. The pabsing group consisted of those students who completed
preflight training; the failing group consisted of those trainees who
failed to complete preflight training for any reason.

PERCENT OF PRESOLO SATISFACTORY FLIGHTS

The percentage of satisfactory grades received for the presolo stage
was used as a continuous measure that would not only highly reflect the
dichotomous attrition variable (Pass vs. Fail due to flying), but one
that would more likely exclude "non-flykig skill" variance. This is
believed to be so because only graded flights enter into the determination
of this measure. (Of course, this is true only to the extent that the
instructor is able to grade the student strictly on his ability to per-
form designated flight maneuvers.)

2D + U PRESOLO FLIGHTS

The composite of twice the number of dangerous grades plus the
number of unsatisfactory flight grades received was used as a continuous
criterion measure.
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PRACTICAL FLIGHT GRADE

This was a grade given by the instructor pilot to a graduating
student based on a review of the student's flight record. It was not a
computed score, as were all other grades, but rather an overall rating
on a percentage scale (with the traditional use of 70 percent to
represent passing performance).

FINAL FLIGHT GRADE

This grade was a weighted average of the practical flight grade and a
score on two written tests governing knowledge specific to flight tech-
nique. Written test performance was arbitrarily given a weight of 1/3
in the final flight grade.

ACADEMIC GRADE

Academic classroom training, covering various aspects of helicopter
flight and maintenance, is provided concurrently with flight training.
Although very few students are eliminated for academic deficiency, academic
grades are used in arriving at an end-of-course final course grade. Scores
on 19 classroom examinations were averaged to arrive at the academic grade
for graduating students.

FINAL COURSE GRADE

This overall grade is the average of the final flight grade and the
academic grade with each given equal weight.

ACADEMIC RANK

For classes at Fort Rucker, this measure was a ranking based on final
academic. grade, with ranks equated for size of class. Size of class was
considered as equal to the number of individuals graduating with the class.
For classes at Camp Wolters, the measure was the ranking "flight academic
standing", also equated for size of class.

LEADERSHIP RANKINGS

At periodic intervals throaghout the training period, each student
prepared an "order of merit rating sheet" on which he ranked all students
within his platoon from best to poorest on Warrant Officer candidate
potential. The student rater was instructed to "consider and evaluate
the candidate concerning force, attitude, and dependaility, but in no
way should the rater limit himself to the consideration of these traits
alone. The rater will consider all traits essential in a candidate to
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qualify himself for commissior...". Similar ratings were obtained from
tactical officers. Average peer rankings and average tactical officer
rankings were converted separately to percentile scores and then com-
bined, peer rankings being double weighted. The procedure was carried
out separately for each class; scores from class to class were arbi-
trarily defined as equivalent. Only the graduating students were used
in relating predictors to leadership ratings. During the 7th week, each
student in the sample was rated by 9 to 27 classmates; in the later weeks
of training the range in the number of raters was lower.

Rankings were designated as WOC-1, WOC-?, WOC-3, depending upon the
time of rating. WOC-1 ratings were obtained at the end of the seventh
week of training. WOC-2 ratings were obtained at the end of 14 weeks of
training. For classes 57-1 through 57-4 which completed training at
Fort Rucke ., Alabama, WOC-5 ratings were obtained at the end of 21 weeks
of training. For later classes, trained at Camp Wolters, Texas, WOC-3
ratings were obtained frm peers at the end of 18 weeks of training and
from tactical officers at the end of 20 weeks of training. Data from
Camp Wolters were ccabined .ith data from Camp Rucker.

ON-THE-JB RATINGS

Operational units were visited in 1958 and on-the-job ratings were
obtained. Each pilot rated each of the pilots in his squad for his flying
proficiency, his perf irmance on "non-flying" duties, and finally by the
overall rating. A combination ranking and rating procedure was actually
used in which the pilots were first ranked in their squad. After the
ranking had been accomplished, a rating was then applied based on seven
descriptive categories. Forced agreement was made between rankings and
ratings. Only the average over-all rating for each pilot was used in the
analysis. The seven descriptive categories were as follows:

RATING DESCRIPTION OF PERFCRMANCE TO EARN THIS RATING

7 A MOST OUTSTANDING WARRAM OFFICER PILOT. He excels nearly all
other officers in the performance of his duties. One of the
exceptional Warrant Officer pilots who should be considered for
more rapid advancement than his contemporaries.

6 AN EXCELIENT WARRAMl OFFICER PILOT. He performs his duties in a
manner far above that of the average Warrant Officer pilot. He
should be considered as early as possible for advancement.

5 AN ABOVE AVERAGE WARRAMT OFFICER PILIT OF DISTINCT VALUE TO THE
SERVICE. He performs his duties in a highly satisfactory manner.
He deserves advancement before most other Warrant Officer pilots.

4 A CUMETENT. DEPENDABLE WARRANT OFFICER PILOT. He performs his
duties in a manner similar to most other Warrant Officer pilots.
He should be considered for advancement.

- 48 -



3 A FAIRLY ABLE WARRA14T OFFICER PILOT. He performs his duties in
an acceptable but routine manner. Although he miy be considered
for adva' .ementj many other Warrant ...tficer pilot . should be
considert I before him.

2 A WARRANT OFFICER PILOT WHO PERFORMS ACCEPTABLY III A LIITED
RANGE OF ASSIGIM-10i11TS, BUT WHO COULD EASILY BE REPLACED. He is
barely adequate in the performance of his duties. He should be
advanced only after most other Warrant Officer pilots.

1 AN UNSATISFACTORY WARRAMT OFFICER PILOT CF LITTLE VALUE TO THE
SERVICE. Not of the caliber one should reasonably expect in an
officer. He performs his duties in an inadequate manner. He
should not be advanced.

BACKGROUND VARABLES

AGE

Age to nearest year upon entering helicopter school training.

EDUCATION

Civilian education in years.

RANK

Rank--coded 1 (1 r. E-l) to 7 (7 = E-7) upon entering helicopter
school training.

PREVIOUS FLYING EXPERIENCE

Previous flying experience Jn two categories: no time - category 0;
1 or more hours = category 1.

REFERENCE VARIABLES

GENERAL TECHNICAL APTITUDE AREA

Aptitude Area GT, used in selecting trainees for the course, was
derived from two ACB test scores (composite of scores on the Reading and
Vocabulary and Arithmetic Reasoning Tests).
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ARMY CIASSIFICATION BATTERY (ACB) TESTS

Reading and Vocabulary (RV)
Arithmetic Reasoning (AR)
Pattern Analysis (PA)
Mechanical Aptitude (M&)
Army Clerical Speed (ACS)
Army Radio Code (ARC)
Shop Mechanics (SM)
Automotivw Information (AI)
Electrical Information (El)
Radio Information (RI)

A±MY E LECTRICAL AND RADIO NORMATION, DA PRT 2904

The first part of the test conte.ins 22 items requiring the examinee
to select -,be one of four pictures of electrical equipment which is most
like or which belongs with a fifth picture. The second part is ccoposed
of 20 four-,choice completion items relating to electrical and radio infor-
mation. Testing tlse is 15 minutes. Score is number Right.

GENERAL INFORMATION TEST, GIT: PT 2839

A test designed to measure 1uterest in masculine-type outdoor
activities (including military maters) by tapping knowledge that wouLd
presumably have been gained almost entirely by actual participation.
There are 100 "positie" type. items, .,nd 20 "negative" or suppressor
type items tapping a "bookwr-m" or &i!,6atante component. In the initial
research three scores were obtained: poitive key alone, negative key

.A.:T,--tal or positive key minus ne.-ative key.

PSYCHW4OT0R

CCMPIEX COORDI1nTION TEST, CCT

The examinee is presented with double rows of lights (one red row
and one green row) in the apprcximate pattern of an "N" on its side.
One red light in each row is lit. The examinee is required to match the
position of a stimulus lighit in each of three dimensions by adjustments
of the stick and rudder controls. After each matching, a new pattern of
red lights is presented, and the examinee must reproduce this pattern
with the green lights. The total score was used as the criterion vari-
able. Following analysis of trend scores, raw scores were corrected to
T-scores with a mean of 50 and an SD of 10. Total score is number of
completed matchings. Testing time is 8 minutes.
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DIRECTION COI~TROL TEST

The examinee manipulates a learned combi ,ation of s itchas and
buttons as rapidly as possible in response to a s . ie of visual patter-as
differing from one another with respect to the spati~l arrngemnt of
their component parts. Testing time is 8 minutes. Score ii: number of
patterns successfully completed.

MACHINE IDENTIFICATION

Two pieces of apparatus were used for each of four psychomotor tests--
Complex Coordination, Direction Control, Rotary Pursuit, and Rudder Control.
Although each copy of any one psychomotor test was constructed to be equal
to the other, the possibility that they were in fact different was tested.
One copy of each test was identified as Machine A and the second copy as
Machine B. Within any one class an equal number of different examinees
were assigned at randm~ to Apparatus A and B. All examinees tested with
Apparatus A fo. any test were the same examinees tested with Apparatus A
for all other tests; the same was true for examinees tested with Appa-
ratus B. Analysis of variance was conducted to determine -whether there
were sigificant mean differences or significant interaction effects due
to the use of different copies of each apparatus test.1--'

For purposes of computing correlation coefficients, examinees were
assigned a value of 1 or 2 depending on whether they were administered
Apparatus A or Apparatus B. Correlation coefficients between the copy
of the apparatus used (A or B) and the criterion variables (Pass-Fail
Total, Pass-Fail Flying, and Pass-Fail Preflight) indicate the extent to
which randcm selection of individuals to Machine A or Machine B resulted
in inadvertent bias with respect to the criterion scores of the individuals
selected.

ROTARY PURSUIT TEST, RPT

The examinee is required to keep a prod-stylus in contact with a
small r tallic disk set into a larger disk revolving at 6 rpm. The sum
of contact time over three trials was used as the total score. Testing
consists of three 20-second trials.

I-'Dobbins, D. A., Martinek, H., and Anderson, A. A. Inter- and intra-
apparatus variance of psychomotor test scores of Army helicopter pilot
trainees. Research Memorandum 61-5. May 1961.
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RUDDIP1 CO NROL TEST, RCT

The examinee sits in a mock cockpit Vhich hi: own weight throwt off
balance unless he applies the proper corection by meazs of foot pedial
controls. Eis task is to keep the cockpit line, iij. with one of three
target lights locsted on a panei bef',ce him, Testing consisTs of one
90-second cent . t.gget trial ai& n 4 38-seco.nd tipit-b~ct .
The sum of both 0 was used as the total ,re.

PERSONALITY AND IEADERSHIP

PSYCHIATRIC EVALUATIONS

Adgptability Rating of Military Aviation (ARMA). This is a four-
category rating provided by the psychiatrists at the Aviation School.
Initially, a 20-point rating ranging from 51 to 170 was used with the
categories of "passed." "marginal," ' borderline," and "failed." In this
analysis, the mean rating for each category was used. Since this was an
experimental evaluation, no students were actually eliminated from train-
ing on the basis of the evaluation. Evaluation results were not given
to any of the aviation training personnel, in order to avoid bias. How-
ever, in the event a student appeared before a Proficiency Board because
of poor performance, the psychiatrist who initially made the ARMA evalua-
tion on the student was asked to give his overall assessment of the
student. This same assessment was used by the Board in deciding to
continue or eliminate a student.

EVALUATIONS BY SUPERVISORS

The Officer eadership Qualification Report, OIlR-1 (DA Form 6233),
previously the Officer Candidate Evaluation Report, OCE-2, (DA PRT 649).
This report is a form by means of which the performance of the applicant
is evaluated with respect to his leadership potential. The form is com-
pleted by the immediate supervisory NCO, and endorsed by the immediate
superior commissioned officer.

The Officer Leadership Board Interview, OB-1 (DA Form 6227), previ-
ously the Officer Candidate Board Interview, OCI-4, (PT 650). The appli-
cant is presented informally with problem situations for discussion be-
fore an Officer Candidate Interview Board composed of five officers. The
manner in which the applicant handles each problem gives the Board an
opportunity to observe and evaluate him in terms of self-assurance, ap-
pearance, voice control, and ability to organize ideas on other specific
qualities. Board members independently evaluate the applicant; evalua-
tions are later combined to yield a numerical index. In the second half
of the Board procedure, an appraisal of the applicant on the basis of his
complete record is made to determine his overall qualification for a
Warrant Officer appointment. The Board then submits a recommendation to
the major commander to accept or reject the applicant. The 0LB-1 measure
assessed in the present publication against the pass-fail criteria is the
numerical index. Subjects were necessarily limited to applicants receiv-
ing Board acceptance who were later accepted into training.

-52-



leadershipo ite. A mtighted ecmbinat-oi t' the Officer Candi-
d-tte Tva.uation -Report, OCE .2 and Otficer Candidate iloard Inter.,riew,
C1.4. ased opeayL.onally in the first Interm bati, ry. Operational

weights wear . for C'-,' and 1,0 for 00I-4. The it adership Composite
uL~z no-a c-c4o*uec sepav~t?.ly fcv ( xamniees w.ho took ,he second and third
: nujori t.atteries.-

SELF-DESCRIPTION MEASURES

Activities Inventory, P2T 3145. This iuv._-+or consists of 215 two-
choice items in which each item represents an activity and the subject
responds as follows: if he likes the activity and B if he dislikes the
activity. This instrument was used for evaluation or personality con-
structs and item analysis. Total Score was not computed. The items were
written with 3. constructs in mind: (1) Masculine Toughness vs. Harm
Avoidance, (2) Liking for Order, Neatness, System, (3) Physical Active-
ness, (4) Independen-e Self-Reliance, Confidence, (5) Affiliation,
(6) Responsibility, (7 Social Manipulative, (8) Thrill and Advercture,
9 Nurturance, (10) Ambition, and (11) Practical.

The number of items in each construc rcanged from lj items for
Affiliation to 22 items for Thrill and Adventure.

Army Self-Description Blank (Recruit) DA PRT 2712. In Part I of
this instrument, the examinee selects the phrase which is most descriptive
and the phrase which is least descriptive of himself out of five phrases
in each of 17 groups. In Parts II and III he indicates whether a sentence
or phrase does or does not describe him. The Blank contains four empiri-
cal keys: Infantry, Leadership, Mechanical, and Driver. Testing time is
30 minutes.

Background lhventory, PT 035, The 30 five-choice items of this
inventory relate to the examinee' s family, education, hobbies, and employ-
ment. Testing tme is 10 minutes. Score is number Right.

Helicopter Pilot Description Form, HPDF-I, DA Form 6243. This test
was used operationally as part of the third interim battery, ARWAB-1. It
consists of the items in the Infantry Key of the Army Self-Description
Blank (Recruit) DA PRT 2712. Testing time is about .20 minutes.

Helic2oter Pilot Trainee Attitude Questionnaire, PT 3147. This inven-
tory consists of 74 four-choice items: 34 items in Section I, 22 items in
Section I, and 18 items in Section III. Section I contains statements of
attitudes toward the Army, helicopter training, and military sarvice in
general. The examinee indicates his agreement or disagreement to each
statement on a four-choice scale, and there is no undecided category.
Section iI contains reasons of positive appeal for entering helicopter
training, and the examinee indicates the extent to which the statement
was a consideration in influencing him. Section III contains reasons of
negative appeal for entering helicopter training an d the examinee



indicates the extent to which the statement was a consideration in influ-
encing him. This instrument was used for evaluation of personality con-
structs and item analysis. Total score was not computed.

The items were written with three constructs in mind: (1) Army
life attitude, 38 items; (2) Warrant Officer aspiration, 9 items; and
(3) flying attitude, 15 items.

Officer BiograPhical Information Blank (OcB-6), PRT 2480. This
questionnaire contains a total of 80 pairs of forced-choice items. Forty-
five pairs were self-description items, and fourteen pairs were self-
estimates-of-ability items.

Officer Candidate Biographical Information Blank (OCB-5), PRT 2463.
A self-description questionnaire containing 30 five-choice biographical
data items, and 300 yes-no self-description and personal cnaracteristics
items. Three empirical keys derived in other studies--a background key
based on the biographical items, a leadership key on the yes-no items,
and an empirical resignation key--were analyzed.

Personal Description Inventory, PT 3159. This inventory consists of
198 two-choice items: 162 items in Part I and 36 items in Part II. The
items in Part I require the examinee, to mark "A" for statements that
describe him, and to mark "B" for statements that do not describe him.
The items in Part II consist of forced-choice pairs of statements; the
examinee is to choose the statement (A or B) which best describes him.
This instrument ias used for evaluation of personality constructs and
item analysis. Total score was not computed.

The items in Part I were written with seven constructs in mind:
(1) Activity- Level, (2) Self-Confidence, (3) Distractibility and
Indecisiveness, (4) Masculinity, (5) Self-Reliance, Independence,
(6) Interpersonal Relations, and (7) Social Responsibility.

The items in Part II were written with four constructs in mind:
1) Sociability, (2) Responsibility, (3) Emotional Stability, and
4 i) Ascendancy.

The number of items in the constructs for Part " range from 21 for
Self-Confidence to 26 for Masculinity. The four constructs in Part II
each contained 18 items.

Personal History Form, 1PT 3161. This 211-item background inventory
consists of 18 items in Part I and 193 items in Part II. Part I deals
with family structure, unusual family circumstances, financial status,
education, and fabher's occupation. Part II deals with high school Jobs
performed, geographical areas of the country lived in, size of community
livd in, food served at home and food preferences, childhood and adolescent
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diseases and injuries, family ormership and use of recreational or hobby
equipnent, membership in various clubs and organizations, participation
in sports, school subjects studied, entertainment activities such as at-
tending movies or playing cards, and skill with various tools and imple-
ments. This instrument was used for evaluation of personality contruct3.
Total score was not computed.

Self-Description Blank, Driver (SDB-Driver). See Army Self-
Description Blank, (Recruit) DA PFRT 2712.

Self-Description Blank Infantry (SDB-Infantry). See Army Self-
Description Blank, (Recruit) DA PRT 2712.

Self-Description Blank, leadership (SDB-Leadership). See Army Self-
IXscription Blank, (Recruit) DA PRT 2712.

Self-Description Blank; Mechanical (SDB-echanical). See Army Self-
Description Blank, (Recruit) DA PRT 2712.

Self-Description Form - Final: (a) SDB - 20 items, (b) SDB -
49 items, (c) SDB - 103 items, (d) SDB - 190 items. See page 25.

COGNITIVE

SPATIAL

Aircraft Orientation Test, A_11-l (DA Form 6237). This 28-item test
is a measure of ability to visualize the relationship between an airplane
and the territory over which it flies. Six black and white pictures are
presented to the examinee. The first picture is the view of the pilot as
he looks out over the nose of his plane; he then matches this to a picture
showing an airplane and horizon (ground view). There are five alternatives;
the scoring formula is Rights minus 1/4 Wrongs. Testing time is 10 minutes.

Complex Movements Test, CMT-I (DA Form 6241. This 60-item test,
previously named Coordinate Movements Test, requires the examinee to judge
distances and visualize movements quickly and relate these distances and
movements to a set of symbols. The test is a component of the third
interim battery (ARWAB-1). The score is Rights minus 1/4 Wrongs. Testing
time is 10 minutes.

Flight Visualization Test, FVT-1 (DA Form 6238). This 28-item test
is a measure of ability to visualize airplane maneuvers, Six airplane
silhouettes and written information are provided,. On the basis of three
consecutive maneuvers by written command, the examinee decides what the
position of the airplane would be after the three commands. There are
five alternatives; the scoring formula is Rights minus 1/4 Wrongs. Test-
ing time is 30 minutes.



Instrument Ucmprehension Test, ICT-. (PT 3124). In this 30-item
test, each item consists of pictures of two instruments, an artificial
horizon and a compass, followed by pictures of 5 planes. The problem is
to determine which of the 5 planes has a position and direction consistent
with the instrument readings. There are five alternatives ;, the scoring
formula is Rights minus 1/4 Wrongs. Testing time is 15 minutes.

Locations Test, DA PRT 2852. This 48-item visual test consists of
sets of four small photographs, each set being acccmpanied by a large
photograph having five lettered locations marked. The examinee is re-
quired to identify the lettered location in the larger photograph from
which each of the four small photographs were taken. Six of the 12 sets
of four small photographs are darkened to give a "night" effect. Items
are scored rights only. Each of the 24 light and dark items, as well as
the items combined, are analyzed as separate variables.

Locations Test, DA Form 6240, was used operationally as part of the
third interim battery (ARWAB-1). It consists of the 24 dark items only.

Spatial Orientation Test, SO (PT 3093). This 48-item test is a
measure of ability to see changes in direction and position. For each
problem in the test, there are two pictures of motor boats. Tho examinee
must determine how the position of a motor boat changes from !.ts original
position shom in the top picture to its position shown in tho; bottcm
picture. In the five alternatives, a dot stands for the aiming point and
a bar stands for the boat's prow. The scoring formula is Rights minus
1/4 Wrongs. Testing time is 10 minutes.

Stick and Rudder Orientation Test, (.PT 3175). This 30-item speeded
test presents the examinee with three photographs taken from the cockpit
of a plane doing simple maneuvers (banking, turning, climbing, and diving)
or combinations of maneuvers (turning while climbing, for example). The
examinee is required to relate the maneuvers shown to stick and to rudder
positions on the answer sheet. The scoring formula is Rights minus 1/4
Wrongs. Testing time is 10 minutes.

MECHANICAL

Mechanical Ability Test, PT 3118. The first part of the test co.-
sists of 30 four-choice items largely relating to automotive equipment
and functions. The second part consists of 20 four-choice items requiring
the examinee to solve practical mechanical problems. Testing time is
30 minutes. Scoring formula is Rights minus 1/3 Wrongs.

Mechanical Ability Test, Form 2, NAT-2 (PT 3129). This .50-item test
is a measure of knowledge about general mechanics (Part I - 30 items) and
tool functions (Part I! - 20 items). The statements about general me-
chanics are for the most part information-type items about automotive and
other mechanical objects. In. Part II, pictures and tools are presented
and the examinee identifies their use. There are four alternatives.; the
scoring formula is Rights minus 1/3 Wrongs. Testing time is 25 minutes.
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Mechanical Functions Test, MFT-I (PT 3189). This 35-item test is a
measure of ability to understand general mechanical principles. Pictures
are shown and questions are asked on the mechanical principleo illustrated.
The pictures are of practical real life situations. There are two alterna-
tives; the scoring formula is Rights minus Wrongs. Testing time is
15 minutes.

bechanica.L Knowledge (MK-l),-Navy Test. This test requires the
examinee to select the one of four pictures of tools which is associated
with the fifth picture. The 40 sets of pictures represent tools used in
various trades, e.g., carpenter, machinist, plumber, etc. Testing time
is 10 minates. Scoring formula is Rights minus 1/3 Wrongs.

Mechanical Principles Test, MlT-l (DA Form 6236). This 30-item test
requires the examinee to solve problems on the basis of principles of me-
chanics. Diagrams are shown and questions asked on the mechanical princi-
ples illustrated. The diagrams tend to be somewhat abstract in nature.
There are five alternatives; the scoring formula is Rights minis 1/4
Wrongs. Testing time is 30 minutes.

AVIATION INFORMATION

Aeronautical Information Test, DA PRT 306. The 30 five-choice items
of this test related to general and technical aspects of fixed-wing avia-
tion, e.g., flying terminology, specific maneuvers, use of controls, etc.
Testing time is 20 minutes. Score is number right.

Flying Information Test, FIT-1 (PT 3209). This 70-item test is a
measUre of general and technical knowledge of aviation. Most of the
statements require knowledge needed in handling an airplane. There are
four alternatives; the scoring formula is Rights minus 1/3 Wrongs.
'Testing time is 50 minutes.

Helicopter Information Test, HIT (PT 32241). The 85 items of this
test relate to the flying, uses, terminology, and theory of the helicop-
ter. There are four alternatives; the scoring formula is Rights minus
1/3 Wrongsh Testing time is 20 minutes.

Helicopter Information Test, HIT-l, DA Form 62 41,. This 32-item test
is a component of the third interim b'ttery,ARWAB-1. These 32 items were
the most valid of 65 conventional information-type items of the original
85-item test (20 were picture items). The test relates to the flying,
user,, terminology, and theory of the helicopter. The scoring formula is
Rights minus 1/3 Wrongs. Testing time is 20 minutes.

-57-



VISUAL PRECEPTION

Attention to Detail Test, DA PRT 2613. This is a 60-item fcur-
minute, hand-scored perceptual speed test of the "C-Cancellation" type.
The examinee counts the C's in a row of O's. Scored Rights only.

Dials Test, DA PRT 2786. This two-part, 60-item perceptual speed
test requires the examinee to detect which one of four dial readings is
in a danger zone as shown by shaded areas in four corresponding master
dials. Part I receives 2 1/2 minutes of test time; Part II receives
2 minutes of test time. Scored Rights only.

Object Coyletion Test, DA PET 2853. This five-part, 75-item visual
test requires the examinee to recognize line drawings of military objects
through checkered masks concealing 75%, 90%, 75%, 90%, and 75% of each
picture in the respective parts. Scored Rights only for the total of
Parts III, IV, and V (45 items).

Army Perceptual Speed Test, Form 2, DA PRT 26 4. This is a 48-item,
five-minute test printed directly on the machine-scored answer sheet.
Each set of four items requires the examinee to match four groups of
sketched objects with the proper four of five sketch groups from which
they are taken. Scored Rights only.

Reaction to Signals Test, DA PRT 235k. This is a two-part, 210-item
test of coding speed requiring the examinee to mark predesignated combi-
nations of answer spaces for each item, accord" to a geometrical code
signal (e.g., triangle means to mark A, B, and C). Part I receives one
minute of practice and four minutes of test time; Part I receives two
minutes of practice and four minutes of test time. In scoring, each
answer space is regarded as an item, and the score is 1/3 Rights minus
1/3 Wrongs with the result divided by three, In this scoring, the maximum
possible number of correct answer space markings is 530.

Related Forms Test, DA PRT 2855. This is an 84-item, nonverbal
reasoning test printed directly on the machine-scored answer sheet. In
28 groups of three items each, it requires the classification of each
item (e geometrical pattern) in Type A or Type B according to a set of
model patterns with each of the 28 groups having its own set of Type A
and Type B model patternc. Scored Rights minus Wrongs.

EYE-HAND COCRDINATION

Aiming Test, DA PRT 3074. The exeminee is required to make one dot
in each of many circles, 1/8 inch in diameter, working as fast and accu-
rately as possible. Testing time is 30 seconds. Score is number of
circles dotted correctly, i.e., within or on perimeter.
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Patterns Test, DA PRT 27.88. The examinee is required to reproduce
on an answer sheet a line pattern which conforms to a pattern presented
in a different part of the answer sheet. Score is number of correct
answer spaces filled.

Tapping Test, DA PRT 3072. The examinee is required to make three
dots in each of many circles 1/2 inch in diameter) working as fast and
accurately as possible. Testing time is 2 minutes. Score is number of
circles dotted correctly, i.e., within or on perimeter.

Two-Hand Coordination Test, DA PRT 2617. This eye-hand coordination
test requires the examinee to place a stylus point in successive circles
on the test sheet with each hand, moving left hmd and right hand alter-
nately in three timed parts of 25 seconds each. The score is the number
of circles having one clear stylus mark inside or touching the circle.

COGNITIVE CONTENT AREAS MEASURED BY SIGIE TESTS

Situational Reasoning Test, SRT-l, (DA Form 6206). This 30-item
t.et. meazzas- dbolity to solve practical Judgment type problems. The
examinee is asked to select the most practical solution for military and
non-military problem situations. Half of the items were adapted frcm a
previous Air Force test used in fixed-wing pilot selection. There are
four alternatives; the scoring formula is Rights minus 1/3 Wrongs. Test-
ing time is 20 minutes.

Multiple Reaction Test, MRT-1 (DA I.T 3192). Printed tasks are
interspersed with tasks given by tape recorder. Tests include dial
interpretations, code reaction, and attention span. The test measures
the ability of the examinee to perform a variety of tasks and to adapt
to rapiLy changing situations and instructions. Eleven part scores
were ccmputed for each individual.
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APPENDDC B

VALIDIT~Y COEFFICIENT~S, MEAN~S, STANDARD DEVIATlIONS)
AND INJTERVORflEIATIONS FOR PREDICTOR VARIABIES

IN MODEL IrOTARY-WING BATTUERIES
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APPENDTX V

INTERC08MEIATION MATRICES OF PREDICTC& AND CRITERION VARIABLES
IN THE FLIGHT APTITUDE SEIECTION TEST BATTERIES
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